Verticillium wilt, caused by soil-borne fungi of the genus Verticillium, is an economically 12 important disease that affects a wide range of host plants. Unfortunately, host resistance 13 against Verticillium wilts is not available for many plant species, and the disease is 14 notoriously difficult to combat. Host-induced gene silencing (HIGS) is an RNA interference 15 (RNAi) based process in which small RNAs are produced by the host plant to target parasite 16 transcripts. HIGS has emerged as a promising strategy for improving plant resistance against 17 pathogens by silencing genes that are essential for these pathogens. Here, we assessed 18 whether HIGS can be utilized to suppress Verticillium wilt disease by silencing previously 19 identified virulence genes of V. dahliae through the host plants tomato and Arabidopsis. In 20 transient assays, tomato plants were agroinfiltrated with Tobacco rattle virus (TRV) constructs 21 to target V. dahliae transcripts. Subsequent V. dahliae inoculation revealed suppression of 22 Verticillium wilt disease in some, but not all, cases. Next, expression of RNAi constructs 23 targeting V. dahliae transcripts was pursued in stable transgenic Arabidopsis thaliana plants. 24 Also in this host, V. dahliae inoculation revealed reduced Verticillium wilt disease in some 25 cases. Thus, our study suggests that, depending on the target gene chosen, HIGS against V. 26 dahliae is operational in tomato and A. thaliana plants and may act as a plant protection 27 approach that may be used in Verticillium wilt-susceptible crops.
INTRODUCTION 29
Verticillium wilts are vascular wilt diseases that are caused by soil-borne fungi of the genus 30 Verticillium (Fradin and Thomma, 2006; Klimes et al., 2015) . This genus comprises ten detected in all fungal isolates ( Figure S1A ). Furthermore, the fungal isolates were used to 140 infect Ve1 tomato plants and tomato plants that lack Ve1. This analysis showed that, similar to To further investigate the potential of TRV-mediated HIGS against V. dahliae in tomato, two 149 previously identified virulence genes of V. dahliae were targeted. The first target gene is 150 NLP1, encoding a member of the necrosis-and ethylene-inducing-like protein (NLP) family 151 in V. dahliae, and targeted deletion of NLP1 in V. dahliae significantly compromises virulence 152 on tomato as well as A. thaliana plants ( Santhanam et al., 2013) . The second candidate gene is 153 V. dahliae Sge1, encoding a homolog of the transcription factor Sge1 (SIX Gene Expression 154 1) in F. oxsporum, and V. dahliae mutants of the Sge1 are non-pathogenic on tomato 155 (Santhanam and Thomma, 2013) . To produce dsRNAs of the gene fragments in planta, 156 cotyledons of ten-day-old Moneymaker tomato plants were treated with the silencing 157 constructs TRV::GUS, TRV2::NLP1 and TRV2::Sge1 in combination with TRV1 ( Figure 1A) , 158 respectively. At ten days after TRV treatment, plants were challenged with either the V. 159 dahliae strain JR2 (Faino et al., 2015) , a NLP1 deletion mutant (V. dahliae JR2△NLP1; RNAi and fungal uptake of external RNAs to confer plant protection (Wang et al., 2016) .
256
Reports on HIGS against fungal pathogen infections have accumulated over recent 257 years (Yin et al., 2011; 2015; Zhang et al., 2012; Koch et al., 2013; Panwar et al., 2013; Ghag 258 et al., 2014; Andrade et al., 2015; Cheng et al., 2015; Hu et al., 2015; Chen et al., 2016; Zhou 259 et al., 2016) . Among these reports, disease suppression was observed upon silencing of 260 various types of genes, including those that encode the biosynthesis of structural components 261 such chitin and ergosterol, but also genes involved in developmental regulation, secondary 262 metabolism and pathogenicity. Therefore, the selection of suitable target genes is arguably the 263 most important prerequisite for developing a successful HIGS against fungal pathogens. We 264 selected HIGS target genes based on our previous studies of gene deletion mutants in V. 265 dahliae with significantly compromised virulence (NLP1, Santhanam et al., 2013; and Sge1, 266 Santhanam and Thomma, 2013). On beforehand, it was not clear whether silencing of such 267 genes rather than gene deletion would lead to visible virulence phenotypes, as the protein 6B; Figure 7B ). Thus, arguably, RNAi may not be appropriate to target genes of which the 277 activity is required early in the infection process when RNAi may not have taken its full 278 effect, or genes of which a low-dose of transcripts is biologically active.
279
Mobility of small RNAs within organisms is a well-known phenomenon, facilitating 280 gene silencing in adjacent cells and surrounding or even distant tissues (Weiberg et al., 2015) . TRV vectors were agroinfiltrated as previously described (Liu et al., 2002; Fradin et al., 2011) . (Table S1 ) were used as endogenous plant control. To determine expression of V. dahliae Sge1 gene for silencing, stems of TRV-treated tomato plants were harvested at 14 days post Verticillium inoculation as described above, and flash 354 frozen in liquid nitrogen, and stored at -80 °C for total RNA isolation. Table S1 . Primers used in this study. 
